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METHODS
Test strains.
The following test strains were used in the present study: Clostridium oedematiens (C. novyi) type D, NCTC 8350; C. tetani type VI, NCTC 9567; C. oedematiem type A, NCTC 538 ; Bacteroides fragilis, NCTC 9343 ; and an anaerobic coccus (Hare's Group I), NCTC 9801.
All strains were subcultured in cooked-meat broth (see below). Their purity was checked by reference to colonial morphology, Gram-staining properties, and biochemical reactions. Duplicate plates seeded from the test cultures were incubated aerobically, to detect aerobic contamination, and anaero bically.
Media. Cooked-meat broth (CMB) was prepared as described by Cruickshank (1968) but the infusion broth component was made from Nutrient Broth no. 2 (Oxoid Ltd, London). Presteamed nutrient broth was used as a diluent; it was heated in a steamer at IOO "C for 30 min to remove dissolved air, then cooled rapidly to 37 "C.
Equine blood agar (EBA) plates were prepared with Oxoid Blood Agar Base no. 2 enriched with equine blood (10 %, v/v). Cysteine-dithiothreitol equine blood agar (CDEBA) plates were prepared as described by Watt (1972 a) . Blood. Defibrinated horse blood was supplied by Wellcome Laboratories (Wellcome Reagents Ltd, Wellcome Research Laboratories, Beckenham, Kent).
Anaerobic jars. Fourteen Baird & Tatlock Ltd (Chadwell Heath, Essex, England) anaerobic jars were used in the present study. Five of the jars were unused before the present studies; the remainder were in current use, and are here referred to as 'used'.
The detailed procedure for the setting up of the anaerobic jars (hydrogen 90 %, carbon dioxide 10 %) was described by Collee, Rutter & Watt, 1971 . All jars were incubated at 37 f 0.5 "C (thermographically checked). In a given experiment, the period of incubation of all the jars was the same.
Catalyst sachets, Unless otherwise stated, each anaerobic jar was equipped with a single room-temperature catalyst sachet supplied by Baird & Tatlock Ltd. Each sachet contained 20f I catalytic pellets (mean of ten sachets examined).
Gases. Cylinders of carbon dioxide were supplied by the Distillers Company Ltd, Edinburgh. Cylinders of hydrogen, and of 90 % hydrogen with 10 % carbon dioxide, were supplied by the British Oxygen Company, London, SW19 3UF.
Enumeration methods
Total counts of bacteria and spores were performed as described by Collee et al. (1972) with a Hawksley counting chamber of 0.1 mm depth (BS 748). Viable counts were performed by a spread-plate method, with dilutions made in presteamed nutrient broth. Plates were seeded with 0.02 ml inocula dropped from standard, calibrated Pasteur pipettes and spread with sterile glass spreaders of uniform size. Colony counts were calculated as the mean number of colonies grown on two or more plates from a given dilution; surface viable counts/ ml were derived from predetermined dilutions that gave IOO to 700 evenly distributed colonieslplate.
Viable counts were recorded on a standard record sheet, and then transferred to punchcards for input to an IBM 360/50 computer at the Edinburgh Regional Computing Centre. All summary tables and analyses of variance were calculated by means of a program package developed at the Agricultural Research Council Unit of Statistics, Edinburgh. No secondary vacuum was observed in this jar after 10 min and the catalyst was therefore replaced
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All jars were processed according to the standard anaerobic procedure, and incubated in a single incubator and the jar reprocessed.
at 37 "C for 18 h.
RESULTS
Jar variation
When plates of CDEBA medium seeded with identical inocula of Clostridium oedematiens type D were incubated in different anaerobic jars, the colony counts varied widely. In a typical experiment, 12 anaerobic jars (five 'unused' and seven 'used' -see Methods) were each equipped with a single unused room-temperature catalyst sachet. Forty-eight plates of freshly poured CDEBA medium, each seeded with 0.02 ml of a I O -~ dilution of an overnight CMB culture of C. oedematiens type D, were distributed without a formal randomization scheme between the 12 anaerobic jars, each jar receiving four plates. The jars were processed by a standard anaerobic procedure (Collee, Rutter & Watt, 1971) in the order shown (Table I ) and incubated at 37 "C for 18 h. The observed recoveries on plates in different jars varied widely, and this variation primarily affected all the plates within a given jar, i.e. 'jar variation' was much more evident than 'plate variation'. Jar variation seemed to be unrelated to the history of the jar (used or unused) or to the actual degree of the secondary vacuum drawn by its active catalyst during the processing stage (but see below).
The regular occurrence of the jar variation phenomenon was investigated in a similar experiment with ten B.T.L. anaerobic jars on three successive days. Although large variations occurred between the mean number of colonies obtained per jar on a given day, the performance of a jar varied from day to day, i.e. a 'good' jar on one occasion might be a 'poor' jar on another occasion.
Several possible contributory factors are considered in the following series of quantitative experiments with the exacting Clostridium oedematiens type D in which vegetative cells were the significantly viable particles (Collee et al., 1971) .
Eflect of duration of exposure of Clostridium oedematiens type D in diluent. A suitable dilution of an overnight CMB culture was held on the bench and used at 10 min intervals
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to seed groups of replicate plates that were spread immediately, distributed between two anaerobic jars used for each 10 min batch, and incubated immediately. After incubation, it was evident that the number of colonies decreased as the period of exposure to the diluent was increased. For example, the mean colony counts on 20 plates seeded and processed immediately in two jars were 496.5 & 29.6 and 809.5 & 33-4. Identical inocula taken from the appropriate dilution bottle after 10 min on the bench gave counts of 96 to 13olplate. Inocula taken at 60 min gave a mean count of 2.9 & 0.6 for 10 plates in one jar, and no growth was obtained on any of the 10 plates in the other jar. A control plate included in the latter jar showed good growth.
Effect of duration of exposure to aerobic conditions. Results of similar experiments with seeded plates exposed at the bench to normal aerobic conditions indicated that the number of colonies decreased as the period of exposure of the seeded plates was increased prior to anaerobic processing. In a typical experiment, colony counts on plates processed and incubated immediately were in the range 240 to 25o/plate, whereas plates seeded with identical inocula and exposed to aerobic conditions for 90 min before processing showed no more than o to 5 colonies.
Efect of potentially bacteriostatic substances in the anaerobic atmosphere. Possible factors considered included mercury from the manometer; suspensions of metallic salts, e,g. CuSO,, from the inside of the jar; and hydrogen sulphide (H,S) and other possibly toxic factors evolved from solid or liquid cultures incubated in the same jar. Careful and prolonged studies with seeded plates exposed in anaerobic jars failed to reveal any consistent variability in colony counts due to these factors. For example, seeded plates incubated in jars lined with filter paper soaked with a saturated aqueous solution of CuSO,, or with water alone, continued to show the same variation of colony counts as control plates in normal jars. This was also true of plates incubated in jars containing a small amount of mercury, the accumulated scrapings from the interior surfaces of old jars, CMB cultures of various anaerobes, sterile CMB medium, or approximately roo ml of H,S gas produced by reaction of I N-HCI with ferrous sulphide.
The efect of the age of the catalyst. Catalysts that had been used several times, but still showing satisfactory activity as judged by prompt production of a secondary vacuum, performed less well than new catalysts in terms of quantitative recovery of Clostridium oedematiens type D. In a series of experiments in which standard inocula were seeded on replicate plates, the highest mean colony counts were generally obtained with jars fitted with new catalyst sachets. For example mean counts of 1315 and 722 were obtained on plates in two jars with new catalysts, compared with mean counts of 104, 188, 546 and 701 on plates in four jars fitted with used catalysts. On another day, the respective counts with a new series of inocula were 393 and 424 compared with 324, 334, 357 and 368.
Development of experimental design
As no single factor primarily responsible for marked jar-to-jar variation was revealed by these studies, with the exception of the obvious roles of the catalyst sachet and the gas mixture, our experimental design for comparative studies was developed so that the comparisons under study would not be consistently biased, despite our inability to standardize all of the variables.
Each jar was cleaned, dried, coated with a silicone preparation (' Speedwax', Simoniz, London) and fitted with a new catalyst. All plates for a given experiment were poured from a single parent batch of medium in a uniform manner. The Petri dishes were of the plastic vented type (Sterilin Ltd, Richmond, Surrey 
* The means and standard errors given are based on the square roots of the original colony counts.
-f Significance levels are derived from the variance ratios obtained in the analysis of variance. $ A different parent culture of the same strain incubated under identical conditions for the same period was used on each day; this accounts for the observed day-to-day differences in recovery.
faecal suspension, was involved. Dilutions were made in a standard way from a single batch of diluent, and all manipulations were done rapidly by a trained team, to minimize exposure to aerobic conditions. An experiment involving the preparation of dilutions from a parent culture, seeding and spreading of 60 plates, randomization and allocation to jars, and processing of six anaerobic jars occupied about 15 min. The allocation of plates to jars, and their positions within the given jar were randomized by reference to randomization tables (Fisher & Yates, 1970) , as was the order of processing of the jars. When experiments with a number of jars were performed over several days, a latin-square design was employed.
The influence of multiple catalyst sachets in B.T.L. jars on the surface growth of Clostridium oedeinatiens type D. Preliminary studies indicated that the recovery of C. oedematiens type D was increased when more than one catalyst sachet was used. This was confirmed in the following experiments.
Six B.T.L. jars were used on three separate occasions. Eachjar was equipped with one, three or five new catalysts on day I , and the catalysts were redistributed on day 2 and day 3, so that during the experiment each jar had all the possible permutations of numbers of catalysts. On day I , 30 plates of freshly poured CDEBA medium were seeded from a I O -~ dilution of an overnight CMB culture. The plates were consecutively seeded in the order I to 30, and each plate received a 0.02 ml inoculum from the same dropping pipette. The plates were then randomly allocated to one of three anaerobic jars, and the position of plates within a given jar was also randomized. The jars were then processed in a predetermined random order. The process was repeated for the plates 31 to 60. All jars were incubated for 18 h at The experiment was repeated on days 2 and 3, a fresh I O -~ dilution of an overnight culture of the same test strain being used on each day. Fresh media (prepared from the same parent concentrate) were used on each day, with fresh supplements of cysteine-dithiothreitol (see 37 "C. A different parent culture of the same strain incubated under identical conditions for the same period was used on each day; this accounts for the observed day-to-day differences in recovery.
Methods). As colony counts can be assumed to show a Poisson distribution (Meynell & Meynell, 1970) , the variance was stabilized by taking the square root of the original colony counts. An analysis of variance was then calculated (Armitage, 1971) , and the results are summarized in Table 2 . Higher colony counts were obtained in jars equipped with three or five catalysts than in those equipped with only one catalyst. Statistical analysis confirmed this but showed that there was no difference in recovery between jars with three or five catalyst sachets.
The influence of multiple catalyst sachets on the recovery of test anaerobes. The above experiment was repeated with the following organisms : Clostridium tetani type VI (NCTC 9569); Bacteroides fragilis (NCTC 9343); C. oedematiens type A (GRIA) and an anaerobic coccus (Hare's Group I) NCTC 9801.
The procedure followed was identical with that described above, except that equine blood agar (EBA) was used in place of CDEBA which does not enhance the growth of organisms other than those of the Clostridium oedematiens group (Watt, 1 9 7 2~) . Fresh randomizations were used for each organism on each day.
Statistical analysis of the results showed that for Clostridium tetani type VI, Bacteroides fragilis and the anaerobic coccus, no statistically significant differences were observed in the colony counts obtained with differing numbers of catalysts. In the case of C. oedernatiens type A, however, analysis of the results (Table 3) showed that the number of catalyst sachets present in the jar significantly affected the magnitude of the colony counts (P < 0.01); although higher counts were obtained with three catalysts, there was no evidence that recovery was further increased by more than three catalystsljar. With all organisms, the 'between jar' variation was not significant at the 5 % level, although significant jar variation was encountered in other experiments with C. oedematiens type A.
The influence of multiple catalyst sachets on the recovery of anaerobic organisms from faeces. The recovery of total anaerobes from a faecal sample was determined in jars with Anaerobic jar variation 453 one, three or five sachets, in a similar experiment to that described above, except that 0.02 ml of a 10-* dilution of the sample was used on each day. Samples of the sample (diluted I in 20 in nutrient broth) were held deep frozen (-20 "C), to ensure reproducibility between days. The results were analysed as above and showed that there was no significant difference between the colony counts in jars with different numbers of catalysts and no evidence of significant jar variation was observed. In the present study, there was considerable jar variation when an exacting organism such as Clostridium oedematiens type D was used. In our attempts to define the variables associated with the operation of the jar, many factors were relatively controlled; for example, checks on the size of the test inoculum showed that volumetric errors were very small compared with the degree of variation that we observed, and all experiments on a given day were performed with plates from the same batch of medium derived from a bulk concentrate. In any case, these factors were unlikely to affect all plates in a given jar and none in another jar.
We were unable to demonstrate any inhibitory effects attributable to likely toxic factors that might be present in the atmosphere of the processed anaerobic jar. All plates in a given experiment were incubated for a fixed period of time at a constant temperature in a monitored incubator. Our standard anaerobic jar procedure ensured that variations in evacuation sequences and the composition of the final gas mixture were minimized. In statistically designed experiments, the jars had unused catalyst sachets attached in a standard fashion to the lids, because our preliminary studies indicated that old catalyst sachets performed less well than new catalysts with the C. oedematiens type-D model. Several factors such as exposure of the inoculum to aerobic conditions in diluents and on seeded plates clearly affected the recovery of C. oedematiens type D on solid media. A detailed experimental design involving randomization schedules then allowed us to take account of these variables so that we could make statistically valid comparisons of results obtained with different jars. The design took account of the following principles: (i) all plates were allocated to anaerobic jars according to a pre-arranged randomization schedule, and they were then distributed within a given jar according to a randomization scheme; (ii) the jars were processed in a random order and then incubated for equal periods at 37 "C; (iii) in experiments with demanding anaerobes at least four and preferably six replicate jars were used, and the experiment was repeated on several occasions. Clearly, if jar variation can be shown to occur with anaerobes of direct clinical interest, then quantitative studies with these organisms will require careful design and analysis. So far we have been able to demonstrate jar variation on only one occasion with Clostridium tetani, but it occurred regularly with type A, B and D strains of C. oedematiens. Thus we are obliged to take account of this variation in the planning of future experiments. The negative findings in the recovery of anaerobes from faeces are important as a basis for further quantitative studies in which the B.T.L. anaerobic jar can be used with confidence provided that the procedures outlined above are followed. Although previous workers have described experiments with two catalyst sachets in each of their anaerobic jars (Moore, (Watt, 1972 b) . Further quantitative studies are clearly needed to define improved methods for the catalytic removal of oxygen from anaerobic jars. Until the results of such studies are available, the clinical microbiologist should seek to achieve reliable recovery of clinically important anaerobes by the use of B.T.L. anaerobic jars equipped with two or three catalyst sachets in conjunction with a standard anaerobic procedure.
